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In this communication I describe the gnt-patterns of certain
mammals that I have been able to examine since the publication
of a larger memoir on the Intestinal Tract of Mammals (Mitchell,
1905), and I discuss further the significance of the facts with which
I am dealing. I adhere to the purpose stated in the introduction
to my memoir, to “limit my observations to a definite set of
facts, hoping that the examination of a continuous series by one
observer, from one point of view, would yield more information
than might be derived from a wider range of work over a smaller
range of animals.” My object was to approach a conception of
the primitive pattern of the mammalian gut, to show how the
complex patterns in the different groups were related to the
primitive pattern, and to discuss how far such relations throw
light on the systematic affinities of the groups.

In certain cases, most common in the lower types of mammals,
there is no difliculty in observing the pattern. When the gut is.
severed near the stomach and at the distal end of the rectum,
there remains only to cut the dorsal mesentery from the rectum
to the stomach and to sever the portal vein and mesenteric
arteries ; the whole structure of intestinal tract, mesentery, and
blood-vessels may then be pinned-out on the dissecting-board
and the pattern observed without further trouble. Text-fig. 27
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is a reproduction of a photograph kindly taken for me by my
colleague, Mr. D. Seth-Smith, and shows the intestinal tract of
the Elephant-Seal prepared in this way. It will be seen at
once how closely it corresponds with the simplified diagrammatic
drawings of dissections which are the material of the other
text-figures in my former memoir and in this communication.

In most cases, however, and especially where the alimentary
canal is rvelatively long and thin-walled, or where different
portions differ notably in calibre, regions of the tract belonging
to one morphological part are held in close adherence to regions
belonging to another morphological part. Some of these adhesions
are individual : such are more common in old animals and in
animals loaded with fat or plainly diseased. Others are permanent
structares, invariably present in the members of the species in
which they occur—as, for example, the conmnections between
the colon and the duodenum which have been named the
cavo-duodenal and the colico-duodenal ligaments, or the attach-
ment of the omentum to the colon. Sometimes, moreover,
blood-vessels belonging to one region of the gut may traverse
the adhering folds of mesentery and supply morphologically
remote regions of the gut.

In extreme cases the secondary adhesions may be stronger
than the primitive mesentery, and large portions of the latter
may have disappeared. Sometimes, therefore, the pattern can be
displayed only after tedious dissection and the cutting of many
structures not easy to distinguish from the primitive mesentery ;
but when the process has been accomplished, the pattern of gut
and primitive mesentery is revealed.

The mode in which the intestinal tract and its mesentery
are folded in the body-cavity, and the secondary adliesions,
pathological or permanent, that are formed, are of great surgical
importance; and many anatomists, for the most part cited in
my former memoir (Mitchell, 1905), have paid attention to them.
Their bias towards secondary phenomena, with consequent over-
looking of the relations of the gut-patterns that I have tried to
work out, has made it impossible to derive a coherent picture of
the morphology of the mammalian gut from their work.

The literature of surgery gives us a clear idea as to how
secondary connections may be established when living membranes
are in juxtaposition, and it is a fair supposition that such
“accidental ” structures may have become permanent features
of the anatomy where they were useful. The intestinal tract is
a muscular tube, constantly undergoing strong peristaltic waves
of contraction. TIts contents, semetimes liquid, sometimes
strongly charged with gases, sometimes with solid hard lumps,
are seldom quiescent, but partly from the mere action of gravity,
and partly because of peristalsis, subject the wall and the
delicate suspensory apparatus of mesentery with the con-
tained blood-vessels and nerves to sudden and varying strains.
These strains are of relatively little importance when the gut
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is short, thick-walled, and of even calibre, as, for instance, in
the case of many carnivorous animals. When the gut is rela-
tively long, and when the thickness of its walls and its calibre
vary much in different vegions, as is frequently the case in omni-
vorous and herbivorous creatures, the danger from mechanical
strain is greater. The habit of life of the creature also must be
taken into consideration. Animals of placid gait, and aguatic
animals living in a medium of nearly the specific gravity of their
own bodies, subject the contents of their abdominal cavity to the
least possible disturbance. Amnimals that run and leap, and
especially climbing animals—as the latter are constantly shifting
from a horizontal to an erect posture,—subject the contents
of their abdominal cavity to a maximum strain. As adhesions
may take place between portions of the gut that, although they
belong to different regions, ave in close contact, it is plain that we
may expect to find them varying in correlation with the nature
of the food, the structure of the gut, and the habits of the animal.
We see readily how they may have arisen in many groups in-
dependently, and that they thus afford no definite indication
of aftinity. Dr. Beddard, in a communication to this Society
(Beddaxd, 1908, p. 561), has brought together a valuable set of
observations, old and new, on such secondary features of the
gut, and would appear to agree with me that they cannot, as he
phrases it, * yield accwrate classificatory results,” as he is able to
arrange them in a series of ascending stages, and to show that
these stages, or some of them, occur independently in different
groups.

The Primitive JMammalian Gaut.

In text-fig. 1 1 have drawn the primitive type to which
the varied patterns displayed by the gut of mammals (when
the secondary connections have heen severed) can be reduced.
The left-hand diagram (A) shows the pattern as it may be seen
in a very young mammalian embryo ; the right-hand figure (B)
shows it as it appears in some of the simpler adult animals.
The whole gut from the stomach (S.) to the distal end of
the rectum (R.) is suspended from the dorsal wall by a con-
tinuous mesentery (Mes.) countaining the blood-vessels. It
consists of three definite regions. The proximal region, from
the point marked 1 to the point marked 2, is the duodenal
region; in birds this is usually characterised by the outgrowth
of a long, narrow, single loop, but in mammals more frequently
appears as a bunch of short loops not clearly marked off from the
beginning of the next region. The second region, from the point
marked 2 to the cecum (C.), I have termed Meckel’s tract;
it corresponds, according to the position of the cacum, with
the whole or the proximal portion of the pendant loop of
human embryology, and its apex is fixed in the embryo by the
umbilical cord (text-fig. 1 A, M.). As a very rarve abnormality
in mammals, a diverticulum, known as Meckel’s diverticulum,
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the equivalent of the yolk-sac diverticulum which persists
throughout life in a very large number of the families of
bivds, is to be found at the point marked in the embryo by
the attachment of the umbilical cord to the apex of Meckel’s
tract. Meckel’s tract forms the small intestine, and however
the gut may be lengthened it remains a nearly closed loop, the
point (3) where the post-cecal gut passes into the hind-gut
remaining extremely close to the point (2) where the duodenal
region passes into Meckel’s tract. It is also of some importance
to notice that the lengthening of Meckel’s tract to form the coils
of the small intestine takes place chiefly on the proximal limb of
the primitive tract; in the vast majority of mammals, however
long the small intestine may be, the distal limb of Meckel’s tract
remains as an almost straight tube running up until it nearly
meets the distal extremity of the duodenal loop. Meckel’s tract
in mammals differs notably from the similar region in birds. In
birds the tract tends to be drawn out into definite minor loops,
the disposition of which forms characteristic patterns in different
groups, and the distal region of the tract, immediately proximal
to the cwea, tends to form a specialised loop, folded over, and
secondarily attached to the duodenal loop. The third region
of the gutis what I term the large intestine or hind-gut; it
stretches from the ceecum to the anus, and occupies a greater
portion of the antero-posterior axis of the body than the
duodenal region and Meckel’s tract together.

The ceecum of mammals occupies nearly the same morphological
position as the czeca of birds. In birds like the Ostrich, and in
mammals like the Kangaroo or Elephant, where the hind-gut is
relatively long, but little differentiated, the ceca throughout life
occupy almost exactly the position indicated in text-fig. 1 B.
In birds where the rectum is very short, and especially when
the distal portion of Meckel’s tract is prolonged into a loop,
and in mammals such as Carnivores in which the hind-gut is
very short and straight, the cwca appear to lie more close to
the rectum. In mammals in which the hind-gut is highly
differentiated, the caca occur on the straight portion of the
recurrent limb of the pendant loop at a varying distance from
the point marked 3 in text-fig. 1. Thus, when the cecum is
situated distally, the recurrent limb of the pendant loop gives
rise to the distal portion of Meckel’s tract. When, as is more
usual in mammals, the cecum is attached proximad of the distal
end of the pendant loop, the recurrent limb of the latter gives
rise partly to the distal and usually straight portion of Meckel’s
tract, and partly to the proximal portion of the hind-gut. In
birds the caeca are almost invariably paired, but as an individual
abnormality a single czecum has been recorded in several cases
(Plotus, Falconiformes, Columbze), and in Herons and Baleniceps
a single czecum is the normal condition. In mammals a single
ceecuin is the normal condition ; but there are many anatomical
facts most easily explained as vestiges of a paired condition
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(Mitchell, 1905), and the paired condition is normal in some
Edentates, Hyracoldea, and Janatus.

The hind-gut of mammals differs notably from that of birds,
inasmuch as it tends to be drawn out into specialised loops
forming patterns characteristic of different groups. A rather
different nomenclature has been applied to these minor loops of
the hind-gut by diffevent anatomists ; 1 propose in this communi-
cation, following, I believe, the more exact of my predecessors, to
designate these loops by their morphological position. The highest
point of the recurrvent limb of the pendant loop, where it bends
round to pass into the primitive straight hind-gut, represents
what in many mammals forms the transverse colon : a loop of

Text-figure 1.

Diagram of the primitive Mammalian Gut-pattern.

A. In a young embryo. B. In a simple adult.

S. Cut junction with the stomach. R. Cut distal extremity of the rectum.
Mes. Dorsal mesentery. M. Attachment of umbilical cord, position of
Meckel’s diverticulum. C. Cecum. 1-2. Duodenal region. 2-3. Meckel's
tract. 3-4. Hind-gut, 7. e., large intestine and rectum.

the hind-gut to the right, or proximad, of this is an ansa coli
dextra ; a loop to the left, or distad, of this forms an ansa coli
sinistra. The angle between the ascending colon and transverse
colon in human anatomy, on this nomenclature, might be called
a vestigial ansa coli dextra ; the corresponding angle, where the
transverse colon passes into the descending colon, would be a
vestigial ansa coli sinistra. A loop of the recurrent imb of the
pendant loop, proximad of these and close to the cecum, may be
called a postceecal loop or paraceecal loop.

It will be seen that my conception of the primitive mammalian
gut differs in two respects from that presented by Dr. Beddard
(Beddard, 1908, p. 591). First and most important, I regard the
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primitive gut as presenting three definite morphological regions:
a proximal and short duodenal region; the pendant loop, a
nearly closed loop, the outgrowth of a very small part of the
original straight gut, and divided by the insertion of the
umbilical cord into proximal and recurrent, o distal, limbs; and
third, the hind-gut, corresponding with a much longer portion
of the original straight gut. Next, it possesses a cmcum, or
possibly a pair of cweca, homologous with the paired czca of
birds. Unless we accept such a constitution of the primitive
or ancestral mammaliaun gut, we are driven to the much more
difficult view that these very definite subdivisions or parts have
arisen independently in many different groups of mammals.
I infer, therefore, that where a mammalian gut-pattern presents
less specialisation than what I have described as primitive, the
condition has come about by secondary reduction.

In comparing the more differentiated gut-patterns with the
primitive pattern, I attach little importance to the secondary
connections between proximal and distal regions; and in this
Dr. Beddard appears to agree with me for the most part. The
ease with which the more important of these can be established,
and the apparent independent establishment of them in different
groups, arise from the morphological fact that, as the pendant
loop is nearly closed, the colic region and the attachment of the
ceecum are brought very close to the duodenal region.

With regard to the subsidiary loops that may be formed in
different portions of the gut, in mammals particularly in the
hind-gnt, I attach more importance to their morphological
positions, and less to whether or no they form what Dr. Beddaxd
calls “ fixed ” loops. Apparently that author employs two
separate criteria in applying the designation. The proximal
and distal limbs of his “fixed” Joops are held together by
a very narrow expanse of mesentery; this, however, is a
question of degree, and mnairow loops are linked by many
gradations with what cannot be described as specialised loops
at all. Next, “fixed” loops are sometimes bound down by
extrinsic ligaments or secondary attachments; such are obvious
adaptations, and appear to come into existence independently in
different groups.

Nor do I attach much importance to the presence or absence
of a spiral disposition of loops or regions of the gut. Spirals ave
common growth-forms, and however striking they may appear,
there is little reason to suppose that the resemblances they
produce are other than convergent. They are far from constant,
even in individual life. The intestines of the tadpole, which are
long 1n proportion to the size of the creature, are coiled in a tight
spiral ; the spiral has disappeared in the adult frog, in which the
intestines are shorter in proportion to the whole length. I have
found the intestines of young mavsupials coiled in spirals, and
comparison of my own observations with those of others leads me
to believe that the chief subsidiary loop of the hind-gut in Lemurs
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is disposed sometimes irregularly,sometimes in a spiral. The most
conspicuons spiral arrangement in the mammalian gut, however,
the colic spiral of Ruminants, appears to be constant.

DESCRIPTIONS ARRANGED SYSTEMATICALLY.

Sub-Class MONOTREMATA.

Order MONOTREMATA.

I have alveady figured the gut-patterns of Ornithorhynchus
and Hehidne (Mitchell, 1905, figs. 1, 2), but my material was then
only rather badly preserved spirit examples. By the kindness
of Dr. Colin Mackenzie, who has brought from Australia a
magnificent set of well-preserved examples of Monotremes and
Marsupials, I have now seen several much better examples of
Orwithorhynchus and Kchidna. The gut-patterns of these animals
are rather more alike one another and the general mammalian
type than I was formerly able to make out.

Text-figure 2.

Intestinal tract of Oraithorhynchus anatinus.

S. Cut junction with stomach. R. Distal extremity of rectum at cloaca.
C. Czcum. C.L. Colic loop (ansa coli dextra).

The duodenum in each case is a well-marked loop, and is
attached by a cavo-duodenal ligament to the hind-gut at the
curved portion of the hind-gut where the recurrent limb of the
pendant loop bends round to join the rectal portion. Meckel’s
tract is suspended round the circumference of an expanse of
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mesentery which is vather more elongated in Ornithorhynchus
than in Achidne. The middle mesenteric vein curves through
the mesentery, following Meckel’s tract and giving off numerous
branches to the vather regular minor loops of the tract. The
cecum, which appears to be functionless, is placed very close to
the apex of the pendant loop; so that nearly the whole of the
vecurrent Himb of the pendant loop is hind-gut. This is rather
an unusual arrangemeént, but is present in the Sloths among
Edentates and in the Mystacoceti amongst Cetaceans. Before
the recurrent limb reaches the dorsal line it is thrown into a
small bunch of minor loops forming an ansi coli dewira, less
numerous, however, than I figured for Zechidne in my earlier
memoir, and placed much nearer to the dorsal middle line.
Then follows a point at which the hind-gut reaches the duodenal
region, to which it is attached by a secondary ligament.

Text-figure 3.

Intestinal tract of Echidna hystrix.
Lettering as in text-fig. 2.

The rectal portion of the hind-gut is larger in calibre and is
thrown into very shallow minor loops.

Sub-Class MARSUPIALIA.
Order MARSUPIALIA,
Sub-Order Polyprotodontia.
Family Notoryctide, Notoryctes typhlops (text-fig. 4).

The gut-pattern is extvemely simple, showing a divergence
from the primitive condition by degeneration. There is no
distinction between the duodenum and Meckel’s tract, the latter
being thrown into irregular minor loops; there is no cecum,
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and the delimitation of Meckel’s tract from the hind-gut is not
marked. The mesentery is continupus, and the mesenteric veins
are arranged as simple branches of the main channel.

Text-figure 4.

Intestinal tract of Notoryctes typhlops.

S. Cut proximal end of duodenum. R. Cut distal end of hind-gut.

The mesentery is dotted: the veins are marked in thick black lines,

Family Dasyurvide.  L%ylacinus cynocephalus (text-fig. 5).
Sninthopsis erassicaudata. S. larapinta.

In the Thylacine (text-fig. 5) the pattern does not difter in any
important respect from that of Notoryctes, there being no ewecum
and the three regions of the gut not being sharply mavked off]
although the grouping of the tributaries of the mesenterie vein
suggests their presence. The calibre of the whole gut is rather
large and approximately the same throughout. The subsidiary
coils of the proximal portion of Meckel’s tract are rather more
numerous than is represented in the figure.

The two species of Swminthopsis showed a pattern almost
identical with that of Votoryctes. Dr. Beddard (P.Z.S. 1908,
p- 561, text-figs. 111 & 113) has described and figured the
intestinal tracts of Antechinomys laniger and Phascogale mac-
donellensis. It is clear that these small Dasyurids display a
cut-pattern in all essential respects identical with that of
Notoryctes. In the example of Phascogale, however, although
apparently full-grown, Meckel’s tract was so simple a loop that
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Dr. Beddard compared it with the pendant loop of mammalian
embryology, aud was so fortunate as to find a remnant of the
umbilical cord passing to the apex of this loop. I have never
found this structure in any full-grown marsupial, and think that
Dr. Beddard’s example was an individual peculiarity ; but it is
interesting to note that it occurred precisely at the position in
which T always look for it, and its presence confirms the validity
of text-fig. 1 A as a diagram of the primitive mammalian gut-
pattern.

Text-figure 5.

Intestinal tract of Thylacinus eynocephalus.

Description as in text-fig. 4.

The polyprotodont marsupials display gut-patterns of great
simplicity. In some (Didelphys, Peragale) the condition, is
practically identical with text-fig. 1 B (Mitchell, 1905). In
others, such as those described above, a condition of greater
simplicity has been reached, due to the obliteration of the
distinction between the regions and the loss of the ceecum. This
simplicity is to be regarded as secondary, as, otherwise, it would
be necessary to suppose that the distinction into definite regions
and the presence of a definitely placed czecum had been acquired
independently in many different groups.
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Sub-Order Diprotodontia.

Family Phascolarctidee. Phascolomys mitchelli (text-figs. 6, 7).
Phascolarctos cinereus (text-fig. 8).

In the Wombat the duodenal region is just distinguishable as
one or two loops proximal to Meckel’s tract. Meckel’s tract_is

Text-figure 6.

) 8-

&
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=

Intestinal tract of Phascolomys mitchelli.

C. Cecum. C.L.1. Colic loop (ansa coli dextra). C.L.2. Colic loop (ansa coli
sinistra). Other references as in text-fig, 4.

very distinet, its proximal portion being broken up into a large
number of regularly disposed minor loops. Distally it joins the
Proc. Zoor. Soc.—1916, No. XIIL. 13
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expanded proximal portion of the hind-gut, and the cecum lies
on the outer side of the curve at the point of junction. The first
portion of the expanded colon runs up towards the dorsal line,
then follows a large colic loop (C.L. 1), and finally a rectal portion
of smaller calibre, thrown into rather regularly disposed minor
loops (C.T.. 2). A secondary connection forms a cwecal ligament
attaching the czecum to the small intestine and to the duodenal
region. Another secondary connection forms a strong coliso-
duodenal ligament, attaching the colic loop to the duodenal
region. The latter was severed to make it possible to lay out
the gut so as to display its pattern.

The peculiar cecum of the Wombat has been described and
figured by Owen (Owen, 1868, p. 417, fig. 315) and by Flower

Text-figure 7.

Junction of the small intestine, ceecum, and hind-gut in Phascolomys mitchelli.

1le. Cut end of ilewn. Col. Cut end of colic loop. V. Vermiform appendage.
(. Cwmcal pouch at the proximal end of hind-gut. Part of the wall of tr],xe
hind-gut has been removed to show the apertures of the ilenm and of the
vermiform appendage on a raised projection. X. Beginning of the solid part
of the appendage.

(Flower, 1872, p. 647), and Flower’s figure has been reproduced
by Oppel (Oppel, 1897, p. 567). Owen’s figure corresponds
exactly with the portion of text-fig. 6 marked C., but it has been
drawn from the other side of the gut (the right side). Flower’s
figure has obviously been drawn from a mounted preparation ; it
also shows the right side, but it has been turned upside down.
It is on a larger scale, and part of the side-wall has been
removed to display the mode of junction of the czcum with the
small intestine and the hind-gut. As Flower’s figure is in a
publication that is not now readily accessible, I reproduce as
text-fig. 7 a drawing from my own dissections. It will be seen
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that the cecum consists of two portions. There is an upper
elongated papilla (text-fig. 7, V.) attached to the ileum by a
mesentery which is not shown in Owen’s figure. This is the
so-called ¢ vermiform appendage” of the Wombat. The free
portion is a solid mass of tissue closely similar to the tissue
composing the human appendix; but the proximal portion,
beginning just at the point (text fig. 7, X.) where the appendage
blends or is embedded in the wall of the gut, is hollow. Owen
regards this as the tip of the large cecum indicated by the
letter C. in text-fig. 7.

In Flower’s figure the wide pouch marked C.in text-fig. 7 is
lettered ceecum. The author expresses doubt as to whether or
no the vermiform appendage of Owen is to be rvegarded as
a remnant of an originally expanded cacum, but does not
refer to the fact that only the proximal portion of the vermiform
appendage is hollow. He describes and figures, however, the
relations of the appendage to the ilenm in precisely the form in
which I found them. The apertures of the ilenm and of the
colon into the dorsal side of the colon lie close together on
a projection enclosed by a raised lip in such a fashion that it is
impossible to regard the so-called vermiform appendage as a
continuation of the globular proximal end of the colon. The
interpretation that seems to be least doubtful is to regard the
projection marked V. as the true cecum, the greater part of
which has become transformed to a solid vermiforn: appendage.
On this view, the cecal pouch C. is merely one of the snccu-
lations into which the colic loop is constricted, as Owen pointed
out, by two parallel bands. Owen states that he found another
of these sacculations, close to the terminal one, so well marked
as almost to be regarded as another ceecum. In one of the two
examples of the Common Wombat that I dissected, T found
another extremely well-marked sacculation forming a ceecal
pouch towards the distal extremity of the colic loop. Tn
dissecting the intestines I came upon it first, and until the
whole pattern was unfolded, and the true czcum in its proper
morphological position displayed, thought that 1 had found a
‘Wombat in which the czcum had no vermiform appendage.

The length and complexity of the gut-pattern of the Wombat
is in relation with the rough nnnutritious diet of the animal.
The pattern, however, is seen to be a simple elaboration of
the primitive type. Apart from the peculiarity of the ceecum,
the most interesting feature is the elaboration of the first
portion of the hind-gut into a colic loop. This loop corresponds
with the similar loop in Phascolarctos (text-fig. 8), and, like it, is
an ansa coli dextra, and differs from the expansion on the hind-
gut of other large Diprotodonts, e. g. Dendrolagus (text-fig. 9),
which is an ausa coli sinistra.

By the kindness of Dr. Colin Mackenzie, I have been able to
examine the intestinal tract of two well-preserved examples
of the Koala (Phascolarctos cinerews). The duodenal region

13*



196 DR. P. CHALMERS MITCHELL ON THE

is not sharply marked off, although in the diagram (text-fig. 8) *
this want of separation is exaggerated. Meckel’s tract is com-
posed of a number of very closely packed minor loops suspended
at the periphery of an oval expanse of mesentery. Its distal
portion bends sharply up towards the dorsal line, and then
bends downwards as if it had been dragged out of place by
the enormous cecum. The cecum is relatively, and in a full-
sized Koala possibly absolutely, the longest cmcum of any
mammal, At its proximal end its cavity is directly. continuous

Text-figure 8-

Intestinal tract of Phascolarctos cinerens.

8. Cut proximal end of duodenum. R. Cut distal end of hind-gut. C.C. Cacum.
C.L. 1. Colic loop (ansa coli dextra). C.L.2. Colic loop (ansa coli sinistra).
X.X. Cut ends of czcal blood-vessel.

with that of the hind-gut, and is many times larger than the
cavity of the ileam. It tapers gradually towards its apex. The
ileum opens into the dorsal wall of the cmcum, where the latter
is continuous with the hind-gut, by a small round aperture
protected by a raised lip. Dr. Mackenzie called my attention te
a pair of pouches placed symmetrically on the lateral walls of the
gut, just where the cecum joined the hind-gut. These could be
felt: before the gut was opened as a pair of thickenings which
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Dr. Mackenzie had ascertained to consist of lymphoid tissue. On
opening the gut, each pouch was seen to have a wide aperture
towards the hind-gut, the blind apex pointing forwards towards
the apex of the cecum. These pouches suggest strongly the
presence of an original pair of ceca, the apices of which have
fused to form the prodigiously long cecum. The cecum is
supported by a mesentery superficial to the primitive mesentery
and suspending it to the duodenal region. It is represented
as severed in text-fig. 8, and the cut ends of the cwecal vein
are marked at X.X.

Immediately distad of ‘the cecum is an enormous colic loop,
very wide in calibre and suspended at the periphery of an
oval expanse of the primitive mesentery, continuous with the
mesentery suspending Meckel’s tract. This portion of the hind-
gut must be taken as an outgrowth of the recurrent limb of the
pendant loop, and is thevefore an ansa coli dextra. 1t is
followed by a stout-walled portion of the gut, rather smaller
in calibre, and curving round from the colic loop to the rectal
portion. It is at this point that the intestinal tract returns to
the dorsal middle line, and a very strong secondary ““ ligament ”
attaches it to the omentum and to the duodenal region.  Distad
of this the calibre of the gut is again reduced, and the rectal
portion is enormously ehpanded and thrown into a regularly
placed set of minor loops attached to a meso-rectum which is
more semicircular in shape than in the diagram. This expanded
portion of the rectum must be regarded as an ansa coli sinistra.

The gut of the Koala, in relation with the diet of leaves, is very
long and very capacious. It is divided into four regions, nearly
equal in capacity, and each “bunched up” on an expanse of
mesentery. To display them on a flat diagram they had to be
slightly distorted, as well as unfolded. Comparison of the figures
of the gut-patterns of other marsupials, however, shows that in
the Koala there is only an exaggeration of familiar features,
and the pattern resembles that of the Wombat very closely. It
is interesting to unotice that the gut-patterns of the ruminants,
in which also the whole gut has become much enlarged irn
correlation with the diet, are strikingly different.

Family Macropodide. Dendrolagus wrsinus (text-fig. 9).

The duodenal region passes insensibly into Meckel’s tract,
the latter being thrown into minor folds, which are more closely
set than in the figure. The example that I dissected was very
young; it was born in the Society’s Gardens, but died hefore it
had left the marsupial pouch of the mother. The coils of
Meckel's tract were closely packed, and in the undisturbed
condition displayed the double spiral represented in the drawing
(text-fig. 9, 1). The unconvoluted distal end of Meckel’s tract
was constricted as it entered the dilated hind-gut between a
normal but rather small cecum (text-fig. 9, C.) and a smaller
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ceecal pouch of the kind frequent in Macropodide, and probably
the remnant of the other member of an original pair. The distal
portion of the pendant loop then passed up towards the dorsal
middle line without trace of the anse coli dextra marked C.1. 1
in text-figs. 6 & 8, but the proximal portion of the hind-gut
immediately distad of the pendant loop was thrown into a set of

Text-figure 9.

Intestinal tract of Dendrolagus ursinus.

1. Spiral arrangement of part of the small intestines.
Other lettering as in text-fig. 6.

minor folds, forming together an anse coli sinistra. This was
supported by the mesorectum and supplied by vessels from the
rectal vein and artery. I found a strong cecal ligament, passing
from the ceecum to the proximal portion of Meckel’s tract, and a
short colico-duodenal ligament from the proximal part of the
colic loop to the duodenal region. These contained no blood-



INTESTINAL TRACT OF MAMMALS. 199

vessels, and were severed before the drawing was made from the
dissection.

In the Diprotodont marsupials the gut-pattern remains in a very
simple condition, but the hind-gut is specially elongated. In all
the examples that I have dissected this elongation affects the
region immediately distad of the pendant loop, and may be in
the form of a few wavy expansions or a more concentrated bunch
of minor loops. These are all supported by a simple expansion
of the mesorectum, and represent gradations from a merely
expanded rectum to what wonld be regarded as a definite ansa
coli sinistra. They are marked C.L. in the figures of Diprotodonts
given in my former memoir (Mitchell, 1905, figs. 6, 7, & 8) and
C.L. 2 in the figures of this communication. Examination of
the Wombat and of the Koala have enabled me to ascertain that
in these animals another * colic loop ” is present. This is marked
C.L. 1 in text-figs. 6 & 8, is developed on the distal limb of the'
pendant loop, and represents an ansa colt dextra.

Sub-Class MONODELPIHIA.
(EpENTATA.)

Order TUBULIDENTATA.

Family Orycteropodidee.  Orycteropus capensis (text-fig. 10).

In my former communication (Mitchell, 1905) I had to depend
on a description given by Flower. Since then I have had the
opportunity of dissecting the intestinal tract of an Aard-vark.
The proximal part of the gut is marked oft’ as a duodenal region
from Meckel’s tract. The proximal part of the latter is a tube of
nearly even calibre and of very great length (nearly thirty feet),
thrown into minor loops arranged round an oval expanse of
mesentery and corresponding with the proximal limb and apex
of the pendant loop. The first portion of the recurrent limb is
nearly straight. - The whole tract is drained by the middle
mesenteric vein, which curves round the mesentery, receiving
numerous tributaries from the minor loops.

Meckel's tract opens into a relatively large czecum, the proximal
portion of which is expanded and globular. On opening the
ceecum the ileo-cecal aperture is seen to lie on the summit of a
projecting process surrounded by a circular lip that may contract
so as to occlude the aperture. A prominent ridge or flap in the
wall of the cecum passes from the proximal extremity of
the hind-gut in the direction of the ileo-ceecal aperture, and
suggests a former division of the cecum into two ceecal pouches.

The first portion of the hind-gut is much expanded and
slightly sacculated. It corresponds with the distal end of
the distal limb of the pendant loop. The gut, after reaching
the point nearest to the duodenum, bends sharply backwards,
and 1s then expanded to form first a definite wide loop and
then a set of minor loops, finally ending in a short straight
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rectum. The wide loop appears to belong t6 the part of the
hind-gut distad of the pendant loop, and thevefore represents an
ansa coli sinistra. As Flower has pointed out (Flower, 1872),
the total length of the hind-gut is only about seven feet. Ceecal
and colico-duodenal ligaments are bhoth present, but have been
removed before the diagram was made.

Text-figure 10.

Intestinal tract of Orycteropus capensis.

Lettering as in text-fig. 6.

The gut-pattern of Orycteropus, except for the specialisation of
the hind-gut, has not moved far from the primitive condition, the
two chief changes being the lengthening of Meckel’s tract and of
the hind-gut.

Order Proninora.
Family Manidee. Manis tricuspis.

I have already figured the intestinal tract of the White-bellied
Pangolin (Mitchell, 1905, fig. 9). I have had the opportunity of
examining another example of this mammal. The pattern was
in all essential respects identical with that of the former example,
but the duodenal loop was not so distinctly marked off from
Meckel’s tract, and the subsidiary coils of the latter were rela-
tively larger and more numerous than in my figure; the tract was
very much longer than the hind-gut. A small colico-duodenal
ligament was present, but when that has been removed, as in the
figure, the primitive mesentery is seen to be complete.
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Order XENARTHRA.
Family Myrmecophagide. Zawmandua tetradactyla.

I have been able to examine another example of the Tamandua
Ant-eater. The duodenal region and Meckel’s tract were almost
exactly as represented in the figure I formerly gave (Mitchell,
1905, fig. 11), except that the minor loops of the tract were
rather more numerous and more thickly set. The distal end of
the tract entered the expanded proximal end of the hind-gut
between a well-marked pair of shallow pouches corresponding
with, but not so elongated as, the pair of ceca in the Armadillo
(text-fig. 11, C.). The hind-gut was relatively rather longer, and
not quite so large in calibre. It displayed a colic loop attached
to the dnodenal region by a colico-duodenal ligament, but distad
of the pendant loop and corresponding with an ansa coli sinistra.

Family Dasypodidee. Dasypus villosus (text-fig. 11).

I have been able to examine the alimentary tract in a very
young example, little more than a foetus, of the Hairy Armadillo.
The duodemal region was represented by two proximal loops not
well separated from Meckel’s tract.

Text-fignre 11.

Intestinal tract of very young Dasypus villosus.

S. Cut end of the gut next the stomach; R. Id., next the rectum. C. Paired
ceeca. C.L. 2. Colic loop (ansa coli sinistra).

Meckel’s tract was very long, and was suspended on an
-elongated fold of mesentery. The proximal limb of the loop thus
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formed was broken up into a numerous set of closely disposed
minor loops. The distal or recurrent limb was straight for the
greater part of its length, and as it approached the dorsal line,
entered the expanded hind-gut between a pair of ceca relatively
longer than in the adult and disposed on the right and left sides
of the gut. The hind-gut distad of the pendant loop had a
distinct colic loop, attached to the duodenal region by a ligament,
removed before the figure was drawn.

The patterns of the intestinal tracts of the Tubulidentata,
Pholidota, and Xenarthra afford no evidence in favour of the
existence of a super-order “ Edentata.” Such resemblances as
they present are best explained as a common inheritance from
the primitive type, and so afford no evidence of affinity. In the
Xenarthra, the most characteristic features are the existence of
paired ceeca, which seem to be more conspicuous in the young
than in the adult, and the tendency to a great elongation of
the loop formed by Meckel’s tract and the proximal portion of the
hind-gut, a tendency which is better marked in some of the
examples described in my former memoir, than in the young
Armadillo figured here. The hind-gut varies considerably both
in the different groups and even individually. The distal limb.
of the pendant loop always approaches the duodenum closely, and
distad of this the hind-gut may pass nearly straight back to the
rectum, may form a shallow, or a well-marked and complex loop.
In both Marsupials and Edentates, the hind-gut appears to be
still in a variable o1 almost experimental stage.

Order HyrAcotDEA.  Dendrohyrax dorsalis (text-fig. 12).

The pattern of the intestinal tract of the Hyracoidea is the
most remarkable to be found amongst mammals, and deserves
special attention, because of the difficulty that has been found in
assigning its due place to the Order amongst the mammalian
Orders. I have already described and figured (Mitchell, 1905,
p. 461) the intestinal tract of Hyraw capensis; since then I have
been able to examine an adult example of Dendrohyrax dorsalis
and another very young example of /7. capensis, and to compare
my own observations and interpretations with those of Dr. Beddard
(Beddard, 1908 and 1909). The pattern of the tract of the Tree-
hyrax (text-fig. 12), when the secondary connections have been
severed and the tract laid out according to the method I pursue,
corresponds in all essential respects with that of other Hyra-
coids. As Owen long ago (Owen, 1832) correctly stated, the
whole tract, from the duodenum to the distal extremity of the
rectum, is suspended by the primitive mesentery from the dorsal
wall of the body-cavity, In Dendrokyraxz I found interruption
in the proximal part of the mesocolon {extending from the point
marked X in the text-figure towards the recurrent limb of the
pendant loop), a gap that T did not notice in 0. capensis. The
duodenal region is a distinet loop, well separated from Meckel’s
tract.
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The proximal portion of Meckel’s tract, as is usually the case
in mammals, is sub-divided into a number of closely-set irregular
loops. Then follows the large ceecal pouch, assumed by most
authors to be the representative of the normal mammalian
ceecam, but which I regard as peculiar to Hyrax (text-fig. 12,
A.C.). The gut as it leaves this is much expanded and closely
adherent to the wall of the caecum. It then runs a mnearly

Text-figure 12.

LGN GzY ‘

Intestinal tract of Dendrohyrax dorsalis.

S. Cut end nearest the stomach. R. Cut end neavest anus. A.C. Accessory or
median cecum. C.1, C.2. Paired ceca. C.3. Fourth cecum. C.L.2. Colic
loop (ansa coli sinistra). XX. Severed ends of rectal vein. The portion of
the recto-colic mesentery edged with a broken line is where the mesentery was
cut; the more proximal portion edged with an unbroken line was free from the
dorsal body-wall. '

straight course parallel with the long axis of the cacum, to
which 1t is bound by a fold of mesentery, and bearing on its
morphologically ventral or larger curvature a much smaller
ceecal pouch (text-fig. 12, C. 3), noted by Lonsky (Lonsky, 1903)
and confirmed by Beddard, and now by myself as present in
Dendrohyrax, absent in H. capensis. The tract now passes up-
wards towards the dorsal middle line, forming what I take to be
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the recurrent limb of mammals generally, and bearing on this a
symmetrically placed pair of conical ceeca, which I take to be the
representatives of the mormal mammalian ceeca, paired as they
are in some Hdentates and in the Manatee. Distally the large
intestine forms first a colic loop, thrown into minor folds, from
its position to be regarded as an ansa coli sinistra, and a rather
long rectal portion. The posterior mesenteric vein, supplying
the distal portion of the hind-gut, has to be severed in order to
lay out the intestinal tract in the fashion of this memoir, and its
cut ends are indicated at XX, in text-fig. 12.

The difficulty in interpreting the gut-pattern of Hyrax comes
about from the presence of the cacal pouches. The small pouch,
marked C. 3 in the diagram, appears to be more due to the con-
traction of the gut immediately proximad of it than to any
special outgrowth of the gut itself, and as it is absent in at least
one species of Hyraxz, I regard it as a character without morpho-
logical significance. The very large thin-walled pouch marked
A.C. is present in all the species that Lave been examined. It
is a large thin-walled sac somewhat puckered by two bands
of muscle which, when it is fully expanded, give it an almost
bi-lobed appearance, somewhat exaggerated in the figure of
Hyraz capensis in my earlier memoir (Mitchell, 1905, p. 461).
The entrance and the exit of the gut lie close together at the
proximal end.

The entrance of the gut into the accessory cecum is protected
by a raised lip. George (1874, pl. 13. fig. 3), who regarded the
accessory cmeum as the true cecum, calls this entrance of the
gut into it the ileo-caecal valve, and figures it as guarded by a
flap so placed as to prevent the passage of the contents of the
fore-gut into the ceecum. 1 found no trace of such a structure,
and I do not understand how, if it were present, it could act.
On the other hand, the ayrangement I found, by the contraction
of the lip, would prevent the regurgitation of the contents of
the ceecum into the proximal part of the intestinal tract. The
aperture of exit leading to the distal portion of the gut is wider,
and is surrounded by a shallower lip. The portion of the intes-
tine into which it leads is closely adherent to the wall of the
cecum, and the cavity is at first slightly convoluted, forming
what might be described as a separate chamber of the cecum,
but in H. dorsalis this is not so well marked as in the figure
given by George (1874, pl. 13. fig. 4). There is a general
resemblance between this ceecum and the normal ceca of those
mammals in which the cecum is capacious and relatively short.
The normal cecum of mammals, however, always appears to
be a forward continuation of the hind-gut, the one cavity being
directly continuous with the other in the simplest fashion, except
in those cases in which it is slightly complicated by vestiges of the
presence of the second ceecum of an original pair. This is unlike
the complicated relation of the unpaired czcum of Hyrax to the
gut that leavesit. A comparison has been made between this
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cecum of Hyrax and the normal cecum of the Rhinoceros. T
find none but the most general and vague resemblance. The
ceecum of Hyraw is irregular and varying in shape, supported by

Text-figure 13.

The caeca of Hyraz dorsalis.

1. Anterior or accessory czcum. II. Paired or distal cmea. S. Cut end of intes-
tinal tract towards stomach. H. Cut end of intestinal tract towards anus.

+ W. Cut edge of gut where a portion of the wall has been removed to display
the interior. A.C. Accessory or anterior cecum, C.3. Cacal pouch distad of
A.C. C.1,C.2. Paired ceca. En. Entrance, Ex. Exit of gut.

two bands of muscle, which in certain conditions of distension
give it an almost bi-lobed shape, communicates with the leaving
portion of gut in a complicated fashion, and has nearly fluid
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contents *.  The czecum of the Rhinoceros is a short cone taper-
ing to a point and regularly sacculated along three bands of
muscle, communicates with the hind-gut, of which it appears to
be the forward continuation, by a simple wide aperture, and its
normal contents arve solid.

The paired czca are conical outgrowths, placed symmetrically
on the sides of the hind-gut. As shown in the figure (text-
fig. 13, IL.), their cavities are widely continuous with that of the
hind-gut, and what I regard as the distal end of the ileum
enters the hind-gut exactly in the middle line between them.
Ia D. dorsalis the ileum is lined by longitudinal lappets which
cease abruptly between the czeca, the lining membrane of these
being smooth, and that of the hind-gut studded with filiform
papille. The contents of the ceeca consist of faecal matter of the
same consistency and appearance as that in the hind-gut. Some
confusion has crept into the litevature regarding the orientation
of the paired ceca. Asin the case of the colic ceca of birds
and of mammals, whether there be a single cecum or a par,
the ceca ave the forward continuations of the hind-gut, and
their apices are directed forwards, parallel with the ileum,
towards the proximal extremity of the whole gut. As, however,
the tract lies folded within the body-cavity, in the undisturbed
condition, the portion of the gut to which the cwmca are
attached ascends from the distal and ventral region of the
body towards the dorsal and anterior middle line, it may be said,
in the phrase of Kaulla (Kaulla, 1830), that the ceeca apice pelvem
spectant. 'The paired caeca, in fact, lie on the recurrent limb of
the pendant loop, the position in which the true cmca of all
mammals lie. This morphological position, which in'my opinion
is sufficient to identify the paired ceca of the Hyracoidea as the
homologue of the true caca of mammals, is quite apparent if the
various diagrams I have given in this memoir, and in my earlier
memoir, be compared. But the homology is equally plain from
another consideration. When the abdomen of any mammal is
opened, the cacum, if it exist, is found with its attachment to
the gut towards the right side of the body, more anteriorly or
posteriorly placed according to its place on the recurrent limb of
the original pendant loop. If the cecum be very large, and
especially when it is long and coiled, it may extend towards the
left side of the body, reaching well across the middle line. If it
be very small, its position on the right side is obvious. Asa
supposed resemblance between the unpaired cecum of Hyrax
and the normal mammalian ceecum of the Rhinoceros has been
alleged against the homology I make, I may refer to the figures
of the undisturbed abdominal viscera of the Rhinoceros given
by Garrod (Garrod, 1873, fig. 5) (Beddavd & Treves, 1887,

* From observations on a living Hyrax, which was in my possession for nearly
eighteen months, I infer that the contents of the intestines may pass directly from
the aperture of entrance to the aperture of exit of the accessory ceecum, and that the

latter gradually fills with a fluid and is discharged at infrequent intervals (usually
about fortnightly), apart from the normal daily defecation of solid faeces.
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fig. 2). In these drawings the position of the cmecum ou the
right side is well shown. Dr. Beddard’s own generalised dia-
grams of the mammalian gut (Beddard, 1908, text-figs. 122 &
123) show the same point. Now, if Dr. Beddard’s own diagram
of the alimentary tract of /. capensis (Beddard, 1908, text-
fig. 115) be examined, it will be seen that he represents (and all
my observations confirm him on this point) the paired caca in
the undisturbed condition as lying on the right side, in the true
position of the normal mammalian cecuw, with which he does
not homologise them, and the unpaired cecum as attached to the
gut nearly in the middle line, much to the left of the paired
ceeca, and therefore in a positionin which the normal mammalian
cecum never lies. As a matter of fact, the accessory cecum
of the Hyracoidea, both in the young and the adult, lies in
a region of the body-cavity always occupied in mammals by the
coils of the small intestine.

Although Dr. Beddard (1908, p. 595) makes the general state-
ment that the series of facts (votation of the out in the body-
cavity, mesenterial attachments, formation of “fixed ” loops)
cannot yield any accurate classiﬁcatory results, he appears to
rely on precisely such facts in his endeavour to show that the
unpaired cecum of Hyraz is homologous with the normal cecum
of mammals, and that the intestinal tract of the Hyracoidea is
to be associated with that of the Perissodactyle Ungulates. As
he himself has shown conclusively, rotation of the gut oceurs in
almost every group of mammals, and therefore its presence, or
even the stage to which it has reached, does not assist us in the
attempt to detect relationships. I have already (supre, p. 184)
shown that it is necessary to distinguish carefully (a point that
Dr. Beddard has overlooked) between the secondary connections
and the primitive mesentery, as the former are almost certainly
convergent adaptations. Even assuming, however, that the
lignments might yield evidence of affinity, those that are present
in the Hyracoidea do not support Dr. Beddard’s argument. A
strong wide ligament attaches the unpaired czecum to the portion
of the gut which leaves the cecum. This is more extensive in
H. capensis (Beddard, 1908, text-fig. 115, 1) than in D. dorsalis,
in which it extends no further than the additional small caccal
pouch (text-fig. 12, C. 3) present in that species. Dr. Beddard,
in directing a,ttentlon to this, pomtx out that the single ceecum
of mammals however small, is usually, possibly 1nvmmbly,
attached to the adjacent wall of the gut by such a ligament. It
happens, however, that the mesentery of the true cecum in other
mammals passes between the true ceecum and the ileum, that is
to say, the portion of the gut entering, not leaving the ceecum.
I do not know of any exception to this relationship, which is in
correspondence with the appearance that the cecum presents of
-being an anteriorly directed outgrowth of the hind-gut, running
forwards roughly parallel with the ileum. This normal mebentery,
stretching between the czcum and the ileum, is absent in the

a
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case of the unpaired ceecum of Hyraw, yet present in Perissodac-
tyles, as in most other mammals. That there is in Perisso-
dactyles (see wnfra, p. 222) also an adventitions set of fibres
binding the true cecum to the proximal end of the hind-gut,
affords no indication of affinity. Another secondary ligament
stretches from the duodenal region to the portion of the gut
immediately distad of the paired ceeca of Hyrax (Beddard, 1908,
text-fig. 115, c.d.). The possibility of this attachment being
formed depends, in my opinion, on the fact that at this point
the recurrent limb of the pendant loop nearly reaches the dorsal
middle line, and therefore approaches the duodenum very closely.
If any importance can be attached to its presence, it clearly
marks the region just distad of the paired czca as the beginning
of the hind-gut, and corroborates my orientation of the gut. A
third secondary ligament well developed in the Hyracoidea is that
between the omentum and the transverse colon (Beddard, 1908,
text-fig. 115, O.). This also, so far as any significance can be
attached to its presence, identifies this portion of the gut, distad
of the paired cwmca, and indicates the homology of these organs
with the normal mammalian ceecum. Dr. Beddard himself sees
the weight of this objection to his argument, but endeavours to
get out of the difficulty by discussing the varying disposition of
the corresponding attachments in different Rodents. When one
is trying to prove the affinity of Hyraz with the Rhinoceros on
the ground of the attachment of certain ligaments, the argument
does not appear to be much strengthened by showing that these
attachments are not the same in Dasyprocta as in other Rodents.

So far as I am able to follow it, Dr. Beddard’s third point,
relating to the presence of an ansa paracecalis in Hyrax com-
parable with the ansa paracecalis of Perissodactyles is uncon-
vineing. The portion of gut (Beddard, 1908, text-fig. 113, p.«.)
which he thus designates in Hyraxz, just distad of the un-
paired cecum, is plainly extremely different from the huge and
extremely definite colic loop, consisting of a closely applied
proximal and distal limb of very wide calibre, held together by a
very narrow expanse of the primitive mesentery, which forms,
perhaps, the most characteristic feature of the gut-pattern of the
Tapirs, Horses, and Rbinoceros (Mitchell, 1905, figs. 23-25, C.L.,
and text-fig. 20, infra). As it happened, I found no definite
structure comparable with the loop figured by Beddard in
H. capensis or in D. dorsalis. 1f any comparison with the colic
loop of Perissodactyles were to be made, on the assumption
that the unpaired cecum of Hyrax is identical with the cacum
of Perissodactyles, the analogue would be the whole expanse of
the gut from the unpaired czecum to the point where the recurrent
limb approaches the duodenum.

To sum up. If the accessory ceecum were absent, anatomists
would have found no difficulty in identifying the paired cewca of -
Hyracoids with the normal mammalian cecum, a structure
which, although usually unpaired, frequently shows vestiges of a
primitively paired -condition, and less frequently is actually



INTESTINAL TRACT OF MAMMALS. 209

paired. In their structure, morphological position on the gut,
position as seen when the abdominal cavity is opened, and
attachments, they correspond with the mnormal mammalian
cecum. The accessory cecum of Hyracoidea differs from the
normal mammalian ceecum in structure, morphological position on
the gut, position in the undisturbed body-cavity, and attach-
ments. The attempt, based on minute details of structure, to
identify the unpaired cecum of Hyracoids with the unpaired
cecum of a Perissodactyle such as the Rhinoceros, makes the
presence of paired ceca still more inexplicable. I adhere, there-
fore, to my identification of the paired ceca of Hyracoidea with
the normal mammalian cecum. Owen (Owen, 1832) definitely
compared the paired ceca of Hyrax with the paired cwmca of
Edentates and of birds, and the unpaired cecum with the
“additional single cecum, anterior to these, found only in a few
species (of Birds).” This appears to be the most reasonable
interpretation of the facts. 1 am unaware of any reason for
refusing to identify the paired cwca of Edentates (and of the
Manatee) with the normal mammalian structure, and I have
shown good reason for identifying the normal ceeca of birds with
the mammalian ceecum or ceca. I have shown (Mitchell, 1901)
that what Owen calls the “anterior czecum, found only in a few
species,” which, of conrse, is the remnant of the yolk-sac, is of
frequent ocenrrence in adult birds, that its constant presence is a
character of many groups, and that in certain cases (Mitchell,
1903) it is transformed from a vestigial structure to a well-
marked glandular organ. The corresponding structure in mam-
mals, known as Meckel’s diverticulum, is a rare abnormality,
but has been recorded as ocerrring in just over 2 per cent, of
human bodies. It is a diverticulum of the small intestines
lying almost exactly in the region where the unpaired cecum of
Hyrax is found. If this identification be corvect, the unpaired
cwecumn, obviously functional in the adult Hyracoids, has acquired
an importance that is unknown in any other group; but this
is a supposition less difficult than the view that the Hyracoids
display a loop of the gut identical with that of Perissodactyles
generally, a cecam corresponding in minute detail with the
czecum of the Rhinoceros and vaired cweca peculiar to them and
the Edentates.

Examination of the intestinal tract of D. dorsalis, and con-
sideration of the points raised by Dr. Beddard, thervefore, confirm
the view I stated formerly (Mitchell, 1905, p. 463). The general
pattern of the intestinal tract of the Hyracoids suggests no
aflinity with the patterns exhibited by Rodents and Ungulates.
The simple duodenum, the nearly circular Meckel's tract, and
the hind-gut* divided into a simple colon and rectum merely

* Tt is, of course, plain that by “hind-gut” I imply the region distad of the
paired cwca, as I reckon the part of the gut between these and the unpaired cecum
as part of the small intestine. When Beddard (1908, p. 583) stated that my de-
scription of the hind-gut was ““incorrect ” he was merely restating his belief that the
unpaired ciecum was the true ceecum, and that all the gut distad of this, including
what he took to be a paraceecal loop and the paired ceeca, was hind-gut.

Proc. Zoor. Soc.—1916, No, XIV. 14
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conform with the general mammalian plan. The presence of the
paired ceeca, on my view that paired cwca are a primitive 1nam-
malian feature, does not help us with the placing of the group.
The most striking resemblances are with the patterns displayed
by the Edentate group Xenarthra and the Manatee among the
Sirenia. But it must be remembered that the common possession
of a primitive simplicity is no guide to affinity.

Order ProBoscipEA.  Blephas maximus (text-fig. 14).

I have been able to examine the intestines of a young Indian
Elephant, and I find that the pattern, in all essential respects, is
identical with what I have already figured for the African

Text-figure 14.

Intestinal tract of Elephas maximus.

S. Cut end of gut next stomach. R. Cut eud of gut next anus. €. Cwocum.
C.L. 2. Colic loop (ansa coli sinistra).

Elephant (Mitchell, 1905, fig. 16). There is a separate dno-
denum ; Meckel’s tract is supported on a nearly circular expanse
of mesentery, its proximal portion being thrown into numerous
minor loops, and its distal portion, forming the first part of the
recurrent limb, is inserted to the dorsal edge of a moderately
large conical ceecum. The hind-gut is not much shorter than the
fore-gut, is of larger calibre, and thrown into comparatively
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large minor loops with a very shovt straight rvectum. Although
the primitive mesentery suspending the whole length of the
intestinal tract is continuous, a strong secondary conuection
forming a cavo-duodenal ligament attaches the proximal part of
the colon to the duodenal region, and has to be severed before
the gnt can be laid out to display its pattern. The inner dorsal
wall of the cecum displayed a median fold, running along the
dorsal wall somewhat in the fashion of the typhlosole of the
earthworm. It is concetvable that this may indicate an original
paired condition. In the case of these very simple patterns, it
1s rather easy to see resemblances which may have little signi-
ficance, but it is undoubtedly notable that the pattern of the
Proboscidean gut in no way suggests that of the true Ungulates,
and very strongly recalls that of the Sireniu (Mitchell, 1905,
fig. 15).

Orider CETACEA.

Sub-Ovder Mystacoceti.  Balenoptera physalus (text-
fig. 15).

By the kindness of Mr. J. Erik Hamilton, I have had the
opportunity of dissecting a young embryo of the Common
Rorqual (Balcenoptera physalus) taken from an aduolt captured
at Belmullet, Ireland.  The duodenal region (text-fig. 15) is not
sharply separated from Meckel’s tract. The latter is of even
calibre, and is thrown into a very large number of short, regu-
larly disposed minor loops suspended at the periphery of a much
elongated oval expanse of mesentery. These loops extend to the
extremity of the tract, aud just where the recurrent limb of the
usual pendant loop begins its straight conrse towards the duno-
denal region, there lies a single small cecum. The hind-gut
consists of the almost straight recurrent limb, a short transverse
colon very close to the duodenum, but so far as I could make out,
suspended at this point only by the primitive mesentery, aud of
a rather long nearly straight rectum.

The crecunt is short, but rather wide ; its cavity is continuous
with that of the hind-gut, and separated by a simple semi-lunar
fap from the entrance of the ilewin.

I have already described and figured the gut-pattern of one of
the Odontoceti (Mitchell, 1905, fig. 17). The Toothed Whales
have no cmcum, and the whole length of the gut, from the
stomach to the anus, is suspended on a straight dorso-ventral
mesentery, all of it, except a very short rectum, being thrown
into closely-set minor loops, 1 ventured on the opinion, however,
that this almost veptilian simplicity was not primitive. and,
judging from the description given by Flower (1872, p. 428), 1
suggested that the gut-pattern of Whalebone Whales would
approximate move closely to the common mammalian type. This
is actually the case. The characteristic mammalian pattern

14%
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appears in the Rorqual; the whole proximal Hmb of the pendant
loop is thrown into very numerous minor folds; the cecum is
placed more proximally on the loop, that is to say, neaver the
tip of the loop than in most mammals; with the elongation of
the mesentery suspending Meckel’s tract, the recurrent limb,
composed in this case almost entirely of hind-gut, is unusunally

Text-figure 15.

Intestinal tract of embryonic Balenoptera physalus.

S. Cut end of gut nearest stomach. R. Cut end of gut nearest anus. C. Caecum.

long, and the rectum, although straight, is also long. 1In the
Toothed Whales, partly in relation to the diet of fish, Meckel's
tract has become enormously long and its minor loops very
numerous, the czecum has disappeared, and the recurrent limb has
shortened until no trace of it remains. The complexity of the
stomach is so elaborate and so alike in Toothed Whales and
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Whalebone Whales, that were there no other reason for associating
these creatures, it would be impossible to place them far apart, and
it must be inferred that, so far as the gut-patterns afford indica-
tions, the Toothed Whales are more highly modified than the
Whalebone Whales. If weare to seek for indications of the affini-
ties of the Cetacea, it must be from the Mystacoceti, and not from
the Odontoceti, that we start. The difliculty is that a very simple
and primitive gut-pattern affords few indications. It is plain
that the Cetucean gut-pattern shows no trace of special resem-
blances with the patterns of the Ungulates or of the Sivenia.
There is some indication of similavity with the gut-patterns
of the aquatic Carnivores (see Mitchell, 1905, fig. 32, and
text-figs. 26 & 27, infirw), but the more distal position of the
ceecum (1. e., tlie greater distance from the apex of the peundant
loop) and the lengthening of the hind-gut in the Carnivores
present notable difference. Unfortunately, we do not know the
gut-patterns of extinet mammals, but, so far as may be judged
txmn Carnivores and lnsectlvmes, it seems probable that the
Creodonts had an alimentary tract showing a simple pattern
much like those suggested in text-figs 1 A and 1 B of this
memoir.  The most notable peculiarity in the Cetacean pattern
is the position of the ccum towards the apex of the pendant
loop, a peculiarity that occurs also in the Monotremes and some
of the Edentates. The lengthening of the gut and mesentery in
the longitudinal axis of the bmlv the great increase in the
number of the minor loops on Meckel’s ’nrwt and the retention
of the importance of the primitive mesentery are such adaptive
characters as might be expected in animals that had taken to an
aquatic life. The gut-pattern of the Cetacea, then, is compatible
with the view that Cetacea represent a very primitive stock,
long adapted to aguatic life.

Order ARTIODACTYLA.
Sub-Order Non-Ruminantia.

Family Hippopotamidee.  Zippopotwmnws amphibivs (text-
fig. 16).

The duodenum and Meckel’s tract are not sharply marked oft
from one another. This part of the gut is extremely long (in
text-fig. 16 it has been somewhat simplified), and is thrown into
numerous minor folds compactly crowded on the periphery of an
oval expanse of mesentery. There is no cecmin, but an increase
of calibre towards the apex of the pendant loop seems to mark
the point where, on the recuirent limb of that loop, the fore-gut
passes into thie hind-gut. The distal portion of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>